Cardiac resynchronization therapy (CRT) improves heart function and prognosis in third-degree atrioventricular block (AVB) patients with heart failure (HF). However, it is still unclear how to screen for appropriate patients before implantation. This study aimed to evaluate the value of using QRS duration to predict CRT efficacy.
P ermanent pacing is an effective treatment for thirddegree atrioventricular block (AVB). However, the traditional right ventricular apex pacing may cause artificial dyssynchrony, which further leads to myocardial remodeling and cardiac enlargement and gradually develops to clinical heart failure (HF), especially in patients with decreased basic heart functions. 1, 2) Right ventricular septal pacing can theoretically reduce the risk of cardiac dyssynchrony, but its efficacy is still controversial due to positioning accuracy, among other reasons. 3, 4) Cardiac resynchronization therapy (CRT) improves cardiac synchronization in chronic HF patients complicated with dyssynchrony and reduces hospitalization rates and all-cause mortality. For patients with third-degree or greater AVB accompanied by decreased cardiac function, direct implantation of a CRT device can delay or even reverse myocardial remodeling and improve prognosis. [5] [6] [7] [8] However, it is still unclear which patients benefit from CRT in this patient population. Identifying reliable predictors for preoperative screening of patients will be conducive to decreasing operative risk and medical costs. QRS duration is one of the core indicators for assessment of cardiac systolic dyssynchrony. This study aimed to evaluate the value of QRS duration in predicting the efficacy of direct implantation of CRT in patients with third-degree AVB accompanied by HF.
Methods
Enrolled subjects: We analyzed prospectively collected data from patients who received CRT implantation at the Anhui Provincial Hospital, China, between January 2010 and May 2016 due to third-degree AVB accompanied by HF. The inclusion criteria were 1) third-degree AVB; 2) left ventricular (LV) ejection fraction (LVEF) < 50% and LV end-diastolic diameter (LVEDD) > 55 mm. The patients who had acute coronary syndromes, coronary revascularization within 3 months prior to the study, myocarditis within 6 months prior to the study, or severe liver or renal failure (serum creatinine > 265.2 μmol/L) were excluded from this study. This study was approved by the Ethics Committee of the Anhui Provincial Hospital, and all enrolled patients signed the informed consent. Clinical assessment: The baseline data were collected from all patients and recorded. A standard 12-lead electrocardiogram was examined under the resting state, with a paper speed at 50 mm/s and an amplitude scale at 10 mm/ mV. The heart rhythm and heart rate were recorded. The maximum value of QRS duration of the 12 leads was considered as the QRS duration to be analyzed.
9) The parameters were measured by 2 cardiologists and inconsistent data were resolved through discussion between them. The patients were divided into Groups A (QRS duration < 120 ms), B (120 ms !QRS duration < 150 ms), and C (QRS duration "150 ms) according to their QRS durations. Using a Philips iE33 Ultrasound System, the LVEDD and LV end-systolic diameter (LVESD) were measured in the M mode, the pulmonary artery systolic pressure was estimated through tricuspid regurgitation rate, and the LV end-diastolic volume (LVEDV), LV end-systolic volume (LVESV) and LVEF were measured in 3-dimensional mode. CRT implantation and optimization: The CRT device (St. Jude Medical, Saint Paul, MN, USA) was implanted via an intravenous route in all patients. The procedure was started with a subclavian venous puncture or cephalic venous incision, followed by retrograde coronary angiography to fully display all coronary venous branches. The LV lead was placed in the lateral vein, the posterolateral vein, or their adjacent branch, and was confirmed to have no phrenic nerve stimulation at 10 V. The right ventricular lead was implanted in the right ventricle apex or septal wall, while the right atrial lead was placed at the right atrial appendage. All of the leads were fixed after satisfactory parameters were obtained from the tests. The leads were then connected to the pulse generator, the skin was sutured layer by layer, and the surgical site was dressed with compression. The postoperative sensed and paced atrioventricular delays were set to 100 and 130 ms, respectively. The optimal interventricular delay was defined as the narrowest interval of the QRS complex in biventricular pacing. Follow-up visits: The postoperative follow-up visits at the pacemaker clinic were performed regularly at 1, 3, 6, and 12 months after implantation. Follow-up visits for discomfort were added when the patients experienced discomfort. At the follow-up visits, the leads and pacing-related parameters were controlled by programs to ensure effective biventricular pacing. Echocardiography was repeated at the follow-up 12 months after surgery, and the examination method and measured parameters were the same as described above. The primary endpoints of the study were emergency or hospitalization requiring intravenous medication due to HF and all-cause death. Effective CRT was defined as a reduction of "15% in the LVESV at 12 months after surgery. 7, 10) Statistical analysis: Data processing and statistical analysis were performed using the software SPSS 17.0. Count data were expressed as rates or percentages, and their comparison was performed using the chi-squared test. Measurement data of normal distribution were expressed as means ± standard deviations; comparisons between 2 groups were performed using the paired t-test, while comparisons of multiple groups were performed using analysis of variance. Measurement data of non-normal distribution were expressed as medians (P25, P75), and comparisons of multiple groups were performed using the Mann-Whitney U test. Statistical analysis of influencing factors was performed using univariate and multivariate logistic regression analyses. The assessment of survival was performed using the log-rank test of the Kaplan-Meier survival analysis. Differences of P < 0.05 were considered statistically significant.
Results
Baseline information: A total of 77 patients were enrolled in the study. Five patients were excluded due to incomplete data, and 72 patients were eventually included in the analyses, with 33 patients in Group A, 22 patients in Group B, and 17 patients in Group C. The QRS durations of Groups A, B, and C were 100.4 ± 9.4, 133.6 ± 7.7, and 162.1 ± 9.6 ms, respectively. The baseline data of the patients are shown in Table I . No significant differences were found in sex, age, New York Heart Association (NYHA) classification, heart rate, atrial fibrillation and complications among the patients in the 3 groups (Table  I) . No statistically significant differences were observed in the baseline echocardiography parameters among the 3 groups (Table II) .
Analysis of QRS duration:
The overall QRS duration of the patients increased from 121.5 ± 26.7 to 142.6 ± 10.8 ms (P < 0.001) following biventricular pacing, and the QRS durations after CRT implantation were significantly different from the baseline in all 3 groups (P < 0.01 in all groups). Differences were observed in the changes of postoperative QRS duration over baseline among the 3 groups, with statistical significance (P < 0.001). QRS widening was the most obvious in Group A, while QRS duration was significantly shortened in Group C (Table  III) . CRT efficacy: At the 12-month follow-up after the implantation, the overall LVEDV, LVESV, LVEDD, LVESD, LVEF, and systolic pulmonary artery pressure (SPAP) were all improved in the patients, with no significant differences between the 3 groups. Compared with the values before the implantation, LVEDV, LVESV, LVEDD, LVESD, LVEF, and SPAP were only improved in Group C (Table II) . The differences before and after the implantation were compared between the 3 groups (Figure 1) , and Group C exhibited greater improvements in the above parameters than the other 2 groups (P < 0.05). The percentage of NYHA I, II, and III was 58.6%, 31.4%, and 10.0%, respectively after CRT. In comparison to the preimplantation values, CRT significantly improved NYHA functional class (P < 0.01), but there were no significant Chen, ET AL Compared to baseline, *P < 0.05, # P < 0.01. Compared to baseline, * P < 0.05, # P < 0.01. differences between the 3 groups. According to the definition of effective CRT, the treatment was effective in 34 (47.2%) patients, and the response rates of Groups A, B, and C were 30.3%, 50.0%, and 76.5%, respectively, with statistically significant differences (P = 0.008). Group C showed better CRT efficacy than the other 2 groups. The results of univariate analysis showed that QRS duration, sex, LVEF, and SPAP were possible factors influencing the efficacy of CRT (P < 0.10). When these factors were introduced into a multivariate logistic regression model, QRS duration, sex, and SPAP were eventually indicated as the factors that affected CRT efficacy (Table IV) .
During the 12-month follow-up, a total of 28 (38.9%) patients reached the endpoint of follow-up, with 26 cases of emergency or hospitalization that required intravenous medication due to HF and 2 cases of death. In total, 18, 7, and 3 patients reached the primary endpoint in Groups A, B, and C, respectively. As shown in Figure  2 , the survival analysis indicated a statistically significant QRS PREDICTS EFFICACY OF CRT IN 3RD AVB AND HF Figure 1 . Changes in echocardiographic parameters after CRT. Groups A (QRS duration < 120 ms), B (120 ms ≤ QRS duration < 150 ms), and C (QRS duration ≥ 150 ms); *P > 0.05 compared to group A, † P > 0.05 compared to group B, # P < 0.05 compared to group A. difference between the 3 groups (P = 0.024).
Discussion
The subjects included in this study were patients with third-degree AVB accompanied by HF. The results of the study showed that: (1) implantation of CRT in these patients significantly improved cardiac functions, but with variations in efficacy, and some patients exhibited poor efficacy; (2) baseline QRS duration was an independent predictor of CRT efficacy; and (3) patients with QRS duration !150 ms showed better CRT response rates, reversal of myocardial remodeling, and prognosis than patients with QRS duration < 150 ms.
Cardiac pacing is an effective treatment for patients with bradyarrhythmia, but pacing-induced cardiomyopathy after right ventricular pacing continues to be reported in the literature, especially in pacing-dependent patients with decreased cardiac functions. [11] [12] [13] [14] In recent years, selective site pacing from the right ventricular mid-septum has made rapid progress, and some studies suggest that it results in better cardiac function and prognosis than the right ventricular apical pacing. 15, 16) However, based on the existing information from evidence-based medicine, right ventricular septal pacing did not show significant advantages. 4, 17) The CRT that has gradually been applied to clinical use after 2000 has been shown to significantly improve the cardiac functions and prognosis of the HF patients with cardiac dyssynchrony. CRT implantation in patients with AVB accompanied by heart failure has been reported in the literature since 2005. 5, 18) The publication of the results related to the BLOCK-HF study 6, 7, 19) confirmed that CRT could significantly improve the clinical symptoms, myocardial remodeling, and prognosis of patients with AVB accompanied by heart failure. Consistent with the above findings, the results of this study demonstrated that CRT significantly improved the myocardial remodeling and prognosis of the patients with third-degree AVB accompanied by HF.
However, in clinical practice, CRT does not show desirable efficacy in all patients with AVB accompanied by HF. The BLOCK-HF study 7) assessed the efficacy of CRT in patients with AVB accompanied by heart failure using the LVESV index (LVESVI) and found that only 43% of the patients had reductions of more than 15% in LVESVI after 12 months of biventricular pacing, while 35% of the patients had increased LVESVI, and 14% of the patients had increases of more than 15% in LVESVI. Sairaku, et al. 20) compared the CRT efficacies in patients with LVEF !35% and QRS duration "120 ms, patients with treatment upgraded to CRT, and AVB patients with LVEF ! 50% and found significantly reduced LVESV in the first 2 groups (P = 0.001) and no remarkable decrease in the last group (P = 0.9). In this study, only 47.2% of the patients showed responses to CRT. The results from the above studies suggest that variation in CRT efficacy is present in AVB patients with HF; therefore, it is necessary to identify preoperative predictive indicators for efficacy to facilitate the screening of patients. However, no definitive screening parameters are currently available. The results of this study show that QRS duration is an independent predictor of CRT efficacy in patients with third-degree AVB accompanied by HF. The patients with QRS duration "150 ms exhibited a superior response rate, myocardial remodeling reversal, and prognosis compared with the patients with QRS duration < 150 ms. Although the baseline QRS duration is closely related to the escape site in patients with third-degree AVB, patients with a narrow QRS duration also showed no significant abnormalities in cardiac conduction or significant dyssynchrony. Considering the results of this study, direct implantation of CRT is not recommended for these patients. This study suggests that baseline QRS duration can be used as a predictor of CRT efficacy in patients with third-grade AVB accompanied by HF.
The QRS duration in patients with HF is associated with LVEF and NYHA classification and gradually widens with disease progression. 21, 22) Patients with baseline QRS duration < 130 ms exhibited increased QRS duration after biventricular pacing, with poor response to CRT and even a possibly increased risk of death. 23, 24) However, patients with baseline QRS duration "150 ms showed narrowed QRS duration following biventricular pacing, with significantly improved cardiac functions. [25] [26] [27] In patients with third-degree AVB, pacing QRS duration was not associated with the location of the conduction block 28) but was correlated with baseline QRS duration. 28, 29) In this study, patients with QRS duration < 120 ms showed significantly widened QRS duration after biventricular pacing, with poor response to CRT, while patients with QRS duration "150 ms had remarkably shortened QRS duration following biventricular pacing, with a response rate to CRT as high as 76.5%. The results of this study are consistent with the findings from previous studies. Meanwhile, we also found that a small number of patients with postoperative QRS widening in the group of QRS duration < 120 ms still responded to CRT. Similar observations were reported in the BLOCK HF study, some patients in the right ventricular pacing group also exhibited significant left ventricular remodeling, which may be associated with improved bradycardia by pacing instead of biventricular pacing or right ventricular pacing itself. Meta analyses, 30) including RESPOND, RethinQ and LESSER-EARTH, showed that the reductions in LVEDV and LVESV after CRT in patients with narrow QRS duration were more significant than those in the group treated with optimized drug therapy (or implantable cardioverterdefibrillator). The cause of the above results is still unclear, but the results suggested the presence of other factors that affect CRT efficacy, in addition to QRS duration. In the BLBS-HF study, which was aimed at patients with AVB accompanied by heart failure, 52% of the patients in the right ventricular pacing group showed declines in LVESVI 7) ; AVB itself may be one of the causes of the above phenomenon. Although a small portion of the patients with narrow QRS durations exhibited improvements in myocardial remodeling after CRT, the overall efficacy was poor; therefore, CRT implantation is not recommended in this type of patient. Limitations: The QRS duration of the patients with thirddegree AVB is affected by a variety of factors, such as es-cape site and ventricular conduction block, and its value in assessment of electrical dyssynchrony is less significant than that in patients with self-atrioventricular conduction. The assessment of its value would be more accurate with preoperative electrophysiological examination. The finding that the prognosis of the patients in group A was worse than that in the other 2 groups was possibly related to HF episodes as the main component of end point events as well as underlying diseases in addition to the differences in cardiac remodeling before and after CRT among the 3 groups. This study was a single-center study, with a small sample size and a short follow-up period. However, the impact of pacing on cardiac functions may take a longer amount of time; thus, studies with larger sample sizes and longer follow-up periods are needed to confirm the conclusions from this study.
Conclusions
This study confirmed the efficacy of CRT in patients with third-degree AVB accompanied by HF. To further improve the responses of patients to CRT, CRT efficacy can be predicted preoperatively based on baseline QRS duration. A QRS duration of !150 ms is an effective predictive indicator for postoperative efficacy.
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